
United States Patent (19) 
Wuest et al. 

|||||||||||||||III 
USOO5256694A 

(11 Patent Number: 
45 Date of Patent: 

5,256,694 
Oct. 26, 1993 

(54 DIARYLACETYLENES, THEIR 
PREPARATION AND THEIR USE 

Hans-Heiner Wuest, Dossenheim; 
Fritz-Frieder Frickel, Deidesheim; 
Axel Nuerrenbach, Gruenstadt, all of 
Fed. Rep. of Germany 

(75. Inventors: 

73) Assignee: BASF Aktiengesellschaft, 
Ludwigshafen, Fed. Rep. of 
Germany 

21 Appl. No.: 888,691 
22 Filed: May 22, 1992 

Related U.S. Application Data 
60 Continuation-in-part of Ser. No. 569,869, Aug. 20, 

1990, Pat. No. 5,126,371, which is a division of Ser. No. 
222,901, Jul. 22, 1988, Pat. No. 4,994,489, which is a 
division of Ser. No. 778,256, Sep. 20, 1985, Pat. No. 
4,806,558. 

(30) Foreign Application Priority Data 
Sep. 29, 1984 (DE) Fed. Rep. of Germany ....... 343494.6 

51) Int. Cl. ..................... A61K 31/235; CO7C 69/76 
52 U.S. Cl. .................................... 514/549; 558/414; 

558/411; 558/423; 558/4; 560/8; 560/53; 
560/56; 560/100 

(58) Field of Search ................... 558/414, 41, 423, 4; 
560/8, 53,56, 100, 514/549 

(56) References Cited 
U.S. PATENT DOCUMENTS 

4,806,558 9/1985 Wuest et al. ........................ 514/520 

Primary Examiner-Johann Richter 
Attorney, Agent, or Firm-Keil & Weinkauf 
(57) ABSTRACT 
Novel diarylacetylenes of the formula I 

where A, R1, R2, R3, R, R5 and R6 have the meanings 
stated in the description, are useful for the treatment of 
disorders. 

3 Claims, No Drawings 



5,256,694 
1 

DIARYLACETYLENES, THEIR PREPARATION 
AND THEIR USE 

This application is a continuation-in-part of applica 
tion Ser. No. 07/569,869, filed Aug. 20, 1990 now U.S. 
Pat. No. 5,126,371, which was a division of application 
Ser. No. 07/222,901, filed Jul. 22, 1989, now U.S. Pat. 
No. 4,994,489, which was a division of application Ser. 
No. 06/778,256, filed Sep. 20, 1985 now U.S. Pat. No. 
4,806,558. 
The present invention relates to novel diarylacety 

lenes, processes for their preparation and their use in the 
treatment of disorders. 

It is known that stilbene derivatives possess pharma 
cological actions in the topical and systemic therapy of 
neoplasias, acne, psoriasis and other dermatological 
affections. However, the action of these compounds is 
not always satisfactory. 
We have found that diaryiacetylenes of the formula I 

R6 

where R1 and R2 are each hydrogen or methyl, R3 is 
hydrogen, methyl, hydroxy or C1-C6-alkoxy, R is hy 
drogen, methyl or methoxy, R is hydrogen, halogen, 
methoxy or C1-C4 alkyl, A is methylene or ethylene 
radical which is unsubstituted or substituted by C1-C4 
alkyl or is -CH-CH-, -CHOH-CH2- or 
-CO-CH2-, and R6 is hydrogen, methyl, nitrile, 
tetrazolyl, 2-oxazolinyl, C2-C10-ketal or a radical 
-CHR7-OR8, -CHR8-NR9R 10, -COR11. 
-CR12-CH-COOR13 Or -CR 12 
CH-CO-NR'R15, where R7 is hydrogen or C1-C4 
alkyl, R is hydrogen, C1-C4-alkyl, R8 is hydrogen, 
C1-C4-alkyl, C1-C20-alkanoyl, unsubstituted or substi 
tuted benzoyl or a radical -P(O)(OR13)2or -P- 
(O) (NRR1)2 (where R13 is hydrogen, unsubstituted or 
hydroxyl-substituted C1-C8 -alkyl, unsubstituted or 
substituted aryl or aralkyl which is unsubstituted or 
substituted in the aryl moiety, and R1 and R15 are each 
hydrogen, unsubstituted or hydroxyl-substituted 
C1-C6-alkyl, or an unsubstituted or substituted aralkyl 
or aryl group, or R1 and R15, together with the nitro 
gen atom to which they are bonded, form a heterocyclic 
radical, R9 and R10 are each hydrogen, C1C4-alkyl, 
C1-C6-alkanoyl or unsubstituted or substituted benzoyl 
or R9 and R10, together with the nitrogen atom to 
which they are bonded, form a heterocyclic radical, 
R is hydrogen, halogen, C1-C4-alkyl or a radical 
-NR14R5 or -OR13 (where R13, R14 and R1s have the 
above meanings) and R12 is hydrogen or methyl, and, 
where relevant, their physiologically tolerated salts 
possess a better action spectrum. 

Preferred compounds of the formula I are those in 
which A is a methylene or ethylene radical substituted 
by methyl. Where R9 and R10, together with the nitro 
gen atom to which they are bonded, form a heterocyclic 
radical, the latter is preferably pyrrolidino, piperidino 
or morpholino. If R and R1 are each halogen, R is 
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2 
preferably fluorine and R11 is, in particular, chlorine or 
bromine. Preferred examples of substituents of the ben 
zoyl group (cf. R, R9 and R10) are methoxy, nitro, 
methyl or halogen, in particular chlorine or bromine. 
Aryl (R13, R1 and R15) is preferably phenyl which is 
unsubstituted or substituted by methyl, ethyl or nitro. 
Aralkyl (R13R14 and R15 is preferably benzyl which 
may be substituted in the aryl moiety in particular by 
methyl, methoxy or halogen. Examples of particularly 
suitable heterocyclic radicals -NR9R10 and 
-NRR15 are pyrrolidino, piperidino and morpholino. 

Typical examples of compounds according to the 
invention are: 
4-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2-yl)- 

ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethylnaphth-2- 

yl)ethynyl)-benzoic acid, 
4-(3-ethyl-5,6,7,8-tetrahydro-5,5,8,8-teramethylnaphth 

2-yl)-ethynyl)-benzoic acid, 
4-(3-fluoro5,6,7,8-tetrahydro-5,5,8,8-tetramethylnap 

hyl-2-yl)-ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphthyl-2- 

yl)ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-1-hydroxy-5,5,3,8-tetramethyl 

naphth-2-yl)-ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-1-methoxy-5,5,8,8-tetramethyl 

naphth-2-yl)-ethynyl-benzoic acid, 
4-(5,6,7,8-tetrahydro-1,3-dimethoxy-5,5,8,8-tetrame 

thylnaphth-2-yl)-ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-1,4-dimethoxy-5,5,8,8-tetrame 

thylnaphth-2-yl)-ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-1-methoxy-4,5,5,8,8-pentame 

thylnaphth-2-yl)-ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-1-methoxy-3,5,5,8,8-pentame 

thylnaphth-2-yl)-ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-1,4-dimethoxy-3,5,5,8,8-pentame 

thylnaphth-2-yl)-ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-7-oxonaphth 

2-yl)-ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-7-hydroxy-5,5,8,8-tetramethyl 

naphth-2-yl)-ethynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-3,8,8-trimethylnaphth-2-yl)- 

ethynyl)-benzoic acid, 
4-(2,3-dihydro-1,1,3,3-tetramethylinden-5(1H)-yl)- 

ethynyl-benzoic acid, 
4-(2,3-dihydro-1,1,2,3,3-pentamethylinden-5(1H)-yl)e- 

thynyl)-benzoic acid, 
4-(2,3-dihydro-1,1,2,3,3,6-hexamethylinden-5(1H)-yl)e- 

thynyl)-benzoic acid, 
4-(5,6,7,8-tetrahydro-5,5,6,8,8-pentamethylnaphth-2- 

yl)-ethynyl-benzoic acid, 
4-C5,6,7,8-dihydro-5,5,8,8-tetramethylnaphth-2-yl)- 

ethynyl)-benzoic acid, 
4-(1-hexyl-5,6,7,8-tetrahydro-3,5,5,8,8-pentamethyl 

naphth-2-yl)-ethynyl-benzoic acid. 
Other typical compounds are those which contain the 

following radicals instead of the carboxyl group: me 
thoxycarbonyl-, ethoxycarbonyl-, propoxycarbonyl-, 
butoxycarbonyl-, benzyloxycarbonyl-, chlorocarbonyl-, 
cyano-, formyl-, hydroxymethyl-, methyl-, acetyl-, me 
thoxymethyl-, ethoxymethyl-, benzyloxymethyl-, for 
nyloxymethyl-, acetoxymethyl-, propionyloxymethyl-, 
hexadecanoyloxymethyl-, benzyloxymethyl-, 3,4-dime 
thoxybenzyloxymethyl-, dihydroxyphosphorylox 
ymethyl-, dimethoxyphosphoryloxymethyl-, bis(dime 
thylamido)phosphoryloxymethyl-, aminomethyl-, me 
thylaminomethyl-, ethylaminomethyl-, propylamino 



5,256,694 
3. 

methyl-, butylaminonethyl-, acetylaminomethyl-, for 
mylaminomethyl-, benzoylaminomethyl-, 4-methox 
ybenzoylaminomethyl-, dimethylaminomethyl-, mor 
pholinomethyl-, pyrrolidinomethyl-, piperidinomethyl-, 
oxazolin-2-yl-, tetrazol-5-yl-, 1,3-dioxolan-2-yl-, dime 
thoxymethyl-, (E)-2-carbethoxyethenyl-, (E)-2-carbox 
yethenyl-, hydrogen, carbamyl-, methylcarbamyl-, 
dimethylcarbamyl-, morpholinocarbonyl- and phenyl 
carbamyl. 
The compounds according to the invention can be 

prepared by a method in which 
a) where R is cyano, a stilbene of the formula II 

CN 

Where R1, R2, R3, R1, R5 and A have the above 
meanings, is halogenated and 2 moles of hydrogen 
halide are then eliminated, or 

b) where R6 is hydrogen, carboxyl, nitrile or formyl, 
an a-chlorobenzylphosphonate of the formula III 

R3 C 

FOR'). A O 

R5 
R R2 R4 

where R1, R2, R3, R, R5 and A have the above 
meanings, and R2 is C1-C3-alkyl, is reacted with 
an aldehyde of the formula IV 

R6 

OHC 

O 

c) where R6 is methyl, nitrile or 1,3-dioxolan-2-yl, an 
a-chlorobenzylphosphonate of the formula V 

where R21 has the above meanings, is reacted with 
an aldehyde of the formula VI 

R3 
CHO 

A 

RS 
Rl R2 R4 

III 

V 

VI 
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4. 
where R1, R2, R3, R4, R5 and A have the above mean 
ings, or 

d) where R6 has the same meanings as stated underb), 
a monoarylacetylene of the formula VII 

V 

where R1, R2, R3, R4, R5 and A have the above 
meanings, is reacted with an aryl halide of the 
formula VIII 

VII 

where X is halogen, in the presence of a catalyst 
and of a base, and, if desired, the resulting con 
pound is converted to a further compound of the 
formula I by a standard method. 

The halogenation of compounds of the formula II as 
described under a) is advantageously carried out using 
bromine, in a solvent at no higher than 50 C., prefera 
bly from -15 to 0 C. The solvent used is a chlorohy 
drocarbon, in particular chloroform or carbon tetra 
chloride. Instead of free bromine, it is also possible to 
use a complex of molecular bromine with a crown 
ether, e.g. dibenzo-18-crown-6, or a perbromide, e.g. 
tetrabutylammonium tribromide. 

Suitable bases for eliminating two mole equivalents of 
hydrogen bromide from the resulting dibromo com 
pound are the hydroxides, alcoholates, hydrides and 
amides of the alkali metals and alkaline earth metals. 
The reaction is advantageously carried out in a solvent; 
in aqueous solvents and/or when hydroxides are used as 
bases, the benzoic acids of the formula I (where R is 
carboxyl) are formed by hydrolysis under the reaction 
conditions conventionally employed for the elimination 
reaction, i.e. at no higher than 200 C. The use of potas 
sium hydroxide in n-butanol at 120° C. has proven par 
ticularly advantageous. Hydrolysis of the nitrile group 
is avoided if the reaction is carried out in the absence of 
hydroxyl ions, for example using potassium tert-buty 
late as the base, in tetrahydrofuran or dimethyl sulfox 
ide, at from 25 to 60° C., or, particularly advanta 
geously, in petroleum ether in the presence of a phase 
transfer catalyst, preferably 18-crown-6, at the boiling 
point of the reaction mixture. 
The compounds of the formula II are described in 

German Laid-Open Application DOS 3,202,125, or can 
be prepared by the processes stated therein. 
The Wittig-Horner reactions described under b) and 

c) are carried out at no higher than 100 C., advanta 
geously at from 20' to 50 C., under atmospheric pres 
sure or in a closed vessel under superatmospheric pres 
sure, if necessary with heating to the stated tempera 
ture, 

These reactions can be carried out in the presence of 
a diluent or solvent, for example a lower Saturated dial 
kyl ether, dialkylglycol ether or cyclic ether, such as 
diethyl ether, ethyl tert.-butyl ether, 1,2-dimethoxye 
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thane, tetrahydrofuran or dioxane, an aromatic hydro 
carbon, such as benzene or an alkylbenzene, e.g. toluene 
or xylene, a saturated aliphatic hydrocarbon, such as 
hexane, heptane or isooctane, a lower aliphatic ketone, 
such as acetone, methyl ethyl ketone or methyl isobutyl 
ketone, a dialkylformamide, such as dimethylformam 
ide or diethylformamide, or a mixture of the stated 
solvents. Cyclic ethers, such as dioxane or tetrahydrofu 
ran, and in particular dinnethyl sulfoxide or mixtures of 
these are preferably used, the reaction taking place in 
general at no higher than 330 C. 
The reactions are effected in the presence of a de 

protonating agent, suitable compounds being alkali 
metal hydrides and alkali metal amides, in particular 
those of sodium and potassium, the sodium and potas 
sium salts of dimethyl sulfoxide, alkyl-lithium con 
pounds, such as n-butyl-lithium, or alkali metal alcoho 
lates, preferably sodium methylate or potassium tert 
butylate. 
The overall reaction (b) and c)) (Wittig-Horner reac 

tion-elimination) surprisingly takes place particularly 
smoothly in a one-vessel process, using 2 mole equiva 
lents of potassium tert.-butylate in dimethylsulfoxide as 
the solvent (cf. J. Amer. Chem. Soc. 87 (1965), 2777). 

In reaction d), the corresponding copper acetylides 
are prepared in situ from compounds of the formula VII 
in a conventional manner, these copper acetylides being 
reacted further with the aryl halides VIII, preferably 
the bromides or iodides, to give compounds of the for 
mula I. Alternatively, the coupling reaction, starting 
directly from the acetylenes VII, can be catalyzed by 
triphenylphosphine complexes of palladium and nickel. 
In every case, it is advantageous if a base, e.g. an or 
ganic nitrogen base, such as triethylamine or pyridine, 
or an alkali metal alcoholate, such as sodium methylate 
or sodium phenolate, is present. If necessary, the reac 
tion is carried out in a solvent, preferably dimethylform 
amide or tetrahydrofuran. The reaction takes place at 
from 50 to 150 C., advantageously 50° C. (aryl iodide) 
or 100° C. (aryl bromide). 
The starting materials required for processes b, c and 

d are obtainable by known methods: 
1-Aryl-1-chloromethylphosphonates of the formula 

III and of the formula V can be prepared by, for exam 
ple, reacting the corresponding aromatic aldehyde with 
a dialkyl phosphite in the presence or absence of a cata 
lytic amount of a base, e.g. triethylamine, sodium meth 
ylate or, particularly advantageously, potassium tert.- 
butylate, in a conventional manner; the 1-aryl-1-hydrox 
ymethylphosphonates thus prepared are then usually 
treated with thionyl chloride or phosphorus oxytrichlo 
ride, this reaction being carried out in the presence of an 
acid acceptor, such as pyridine or triethylamine, where 
this is advantageous. 
The aldehydes of the formula VI which are required 

for the Wittig-Horner reaction can be prepared by, for 
example, formylation of the corresponding tetralin or 
indane derivatives in the presence of a Lewis acid. The 
formylation is advantageously carried out using hexa 
methylene tetramin/trifluoroacetic acid. Tetrahy 
drotetramethylnaphthalene derivatives are described by 
T. F. Wood et al. in U.S. Pat. Nos. 3,442,640 and 
3,499,751, or can be prepared from 2,5-dichloro-2,5- 
dimethylhexane and an appropriately substituted ben 
zene by Friedel-Crafts alkylation by the method stated 
therein. 
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6 
The monoarylacetylenes of the formula VII used as 

starting materials can be prepared, for example, as fol 
lows: 
An aryl methyl ketone of the formula IX 

where A, R1, R2, R3, R1, R5 have the stated mean 
ings, is converted in a conventional manner with 
phosphorus pentachloride in the presence of a base, 
eg. pyridine, at from 0 to 25 C. to the correspond 
ing 1-aryl-1-chloroethylene, which is converted to 
a monoarylacetylene of the formula VII using a 
base, preferably potassium tert.-butylate, in an 
aprotic dipolar solvent, such as dimethylsulfoxide, 
at from 25 to 40 C. 

The substances prepared by the above methods a-d 
can then be converted further as follows: 
The benzoates of the formula I (where R6 is carboalk 

oxy) are, if desired, converted to the free carboxylic 
acid by hydrolysis of the esters. Conversely, the free 
acid can of course be esterified in a conventional man 
e. 

The hydrolysis/esterification is advantageously car 
ried out in the presence of a diluent or solvent, for 
example a dialkylglycol ether or cyclic ether, such as 
1,2-dimethoxyethane, tetrahydrofuran or dioxane, a 
lower aliphatic ketone, such as acetone, methyl ethyl 
ketone or methyl isobutyl ketone, or a lower aliphatic 
alcohol, such as methanol, ethanol, propanol or isopro 
panol, in the presence or absence of water or in a mix 
ture of the stated solvents with water. 

Preferred solvents are aqueous mixtures of ethanol 
and methanol, the reaction being carried out at the 
boiling point of the reaction mixture. 
The hydrolysis is preferably effected in the presence 

of an alkali, such as an alkali metal hydroxide, carbonate 
or bicarbonate, in particular those of sodium or potas 
sium, a tertiary organic base, such as pyridine or a lower 
trialkylamine, eg. trimethylamine or triethylamine, as a 
mixture with water. The base is employed in a stoichio 
metric amount or in slight excess, based on the ester. 
Sodium hydroxide or potassium hydroxide is preferably 
used. 
The esterification is advantageously carried out by 

first converting the carboxylic acid to one of its salts, 
and then treating this with an appropriate alkyl halide, 
preferably an alkyl bromide or iodide. Particularly suit 
able deprotonating agents for the preparation of the 
salts in situ are the carbonates, hydroxides and hydrides 
of the alkali metals. Advantageously, aprotic polar sol 
vents, such as acetone, dimethylformamide, dimethyl 
sulfoxide and, in particular, methyl ethyl ketone, are 
used, the reaction being carried out at the boiling point 
of the reaction mixture. 
The amides according to the invention can be pre 

pared in a conventional manner by first converting the 
benzoic acids I (where R6 is COOH) to derivatives 
possessing a more active carbonyl group, for example 
the acid halides, azides, imidazolides or anhydrides, the 
O-acyl-N,N'-dicyclohexylisoureas or p-nitrophenyl es 
ters, and then treating these with an amine HNR14R5. 
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In the case of particularly reactive amines, especially 
ammonia, direct amidolysis of esters (containing a radi 
cal -OR13) is preferred. 
A halide of a benzoic acid I (where R6 is COOH), 

preferably the acyl chloride, can be converted to an 
oxazoline derivative of the formula (I) by reaction with 
2-aminoethanol followed by cyclization. 
A carboxylic acid, a carboxylate or a carboxamide of 

the formula I (where R6 is COR) can be converted to 
the corresponding alcohol or amine in a conventional 
manner. Advantageously, the reduction is carried out 
using a metal hydride or alkali metal hydride in the 
presence of a suitable solvent. Preferably used metal 
hydrides are complex metal hydrides such as lithium 
aluminum hydride or diisobutyl aluminum hydride. 
When lithium aluminum hydride is employed, the sol 
vent used is an ether, such as diethyl ether, dioxane or 
tetrahydrofuran, whereas when the reduction is carried 
out with diisobutyl aluminum hydride or an alkoxy 
sodium aluminum hydride, hydrocarbons such as hex 
ane or toluene are preferably used. 
The amines or alcohols thus obtained can be con 

verted to the novel anides and esters of the formula (I) 
in a conventional manner with an alkanoyl halide or , 
anhydride, an aralkyl halide or anhydride or an aroyl 
halide or anhydride, advantageously in an inert diluent 
or solvent, for example a lower aliphatic ketone, such as 
acetone, methyl ethyl ketone or methyl isobutyl ketone, 
a dialkylformamide, such as dimethylformamide or 
diethylformamide, or using excess acylating agent as the 
diluent or solvent. The reactions are preferably effected 
in the presence of a base as an acid acceptor, at from 
-20 C. to the boiling point of the reaction mixture. 
Suitable bases are alkali metal carbonates, bicarbonates, 
hydroxides and alcoholates, in particular those of so 
dium and potassium, basic oxides, such as aluminum 
oxide or calcium oxide, tertiary organic bases, such as 
pyridine and lower trialkylamines, eg. trimethylamine 
or triethylamine. The bases can be used in a catalytic 
amount or in a stoichiometric amount or in slight ex 
cess, based on the alkylating agent employed. 

Similarly, an alcohol I (where R6 is CHR7-OH) can 
be converted to the corresponding phosphate or phos 
phoramide with a phosphoryl halide, preferably a phos 
phoryl chloride Cl-P(O)(OR 13)2 or Cl-P(O)(NR14R 15), 
or a phosphoric anhydride. For the preparation of dihy 
drogen phosphates (where R13 is H), the trichlorimidate 
of phosphoric acid proved a particularly advantageous 
phosphorylation reagent. 
An alcohol of the formula I can be converted to the 

corresponding ether with an alkylhalide R15-I, R5-Br 
or R1-C1 in the presence of an alkali metal hydride, 
preferably sodium hydride, or of an alkyl-lithium com 
pound, preferably n-butyl-lithium, in an organic sol 
vent, such as tetrahydrofuran, dioxane, 1,2-dimethoxye 
thane, methyl tert.-butyl ether or, where sodium hy 
dride is used, dimethylformamide, at from -10 to 40 
C. 
An alcohol of the formula I can be oxidized to the 

corresponding aldehyde With a suitable oxidizing 
agent, preferably manganese(IV) oxide, if appropriate 
on an inorganic carrier, such as silica gel or alumina. 
The reaction is advantageously carried out in an inert 
organic solvent, for example a hydrocarbon, such as 
hexane, or an ether, eg. tetrahydrofuran, or a mixture of 
the stated solvents and diluents, at from -10 to 30 C. 
The reaction time required depends essentially on the 
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8 
oxidation activity of the manganese(IV) oxide em 
ployed. 
An aldehyde I (where R6 is -CHO) can also be 

obtained by reduction of the corresponding nitrile with 
disobutyl aluminum hydride in a solvent, preferably in 
toluene, hexane, tetrahydrofuran or a mixture of these, 
at from -40 C. to room temperature. 
The aldehydes and ketones of the formula I are fur 

thermore obtained by hydrolyzing their ketals, usually 
in the presence of an acid as catalyst, preferably dilute 
hydrochloric or sulfuric acid, at from 20 C. to the 
boiling point of the reaction mixture. Advantageously, 
the reaction is carried out in a water-miscible solvent, 
such as acetone, dioxane, tetrahydrofuran or, prefera 
bly, a short-chain alcohol, such as methanol or ethanol. 
A carbonyl compound of the formula I (where R is 

-COR12) can be subjected to a Wittig-Horner reaction 
with a phosphorus compound of the formula OX) or (XI) 

OX) 

(R2O)2PCHCN 

(XI) 
(R21O)2PCHCOOR21 

where R21 has the stated meanings, the reaction advan 
tageously being carried out in a solvent, preferably 
tetrahydrofuran, dimethylformamide or dimethyl sulf 
oxide, in the presence of a base conventionally em 
ployed for such olefinations, eg. sodium hydride or 
sodium methylate. The reaction takes place at up to 
100 C., advantageously at from 20' to 50 C. 
The nitrile or ester group is, if desired, then con 

verted to other functional groups by the methods de 
scribed above and below. 
A nitrile of the formula I (where R6 is -CN) can be 

hydrolyzed in a conventional manner with acid cataly 
sis or, advantageously, base catalysis to give the corre 
sponding carboxylic acid. Preferably used bases are 
alkali metal hydroxides, in particular potassium hydrox 
ide which is used in excess. The solvent used is, as a 
rule, a water-miscible alcohol, eg. methanol, ethanol, 
isopropanol or n-butanol. The reaction is usually car 
ried out at the boiling point of the reaction mixture. 
The corresponding tetrazoles can be obtained from 

nitriles I (where R6 is -CN) by means of an addition 
reaction with an azide, for example an alkali metal az 
ide, preferably sodium azide, in the presence of alumi 
num chloride or ammonium chloride. Preferably used 
solvents are cyclic ethers, such as dioxane or tetrahy 
drofuran, and in particular dimethylformamide or mix 
tures of these, the reaction taking place in general at 
from 60' to 100 C. 
Some of the novel compounds possess an acidic hy 

drogen atom and can therefore be converted with a base 
in a conventional manner to a physiologically tolerated, 
readily water-soluble salt. Examples of suitable salts are 
ammonium salts, alkali metal salts, in particular those of 
sodium, potassium and lithium, alkaline earth metal 
salts, in particular those of calcium and magnesium, and 
salts with suitable organic bases, such as lower alkyla 
mines, eg. methylamine, ethylamine or cyclohexyla 
mine, or with substituted lower alkylamines, in particu 
lar hydroxyl-substituted alkylamines, such as diethanol 
amine, triethanolamine or tris-(hydroxymethyl)-amino 
methane, and with piperidine and morpholine. 
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If required, the resulting novel amines of the formula 

(I) are converted to addition salts with physiologically 
tolerated acids by a conventional procedure. Examples 
of suitable conventional physiologically tolerated inor 
ganic acids are hydrochloric acid, hydrobromic acid, 
phosphoric acid and sulfuric acid, and examples of or 
ganic acids are oxalic acid, maleic acid, fumaric acid, 
lactic acid, tartaric acid, malic acid, citric acid, salicylic 
acid, adipic acid and benzoic acid. Other suitable acids 
are described in Fortschritte der Arzneimittelfor 
schung, volume 10, pages 224-225, Birkhäauser Verlag, 
Basel and Stuttgart 1966. 

Because of their pharmacological properties, the 
novel compounds and their physiologically tolerated 
salts can be used in the topical and systemic therapy and 
prophylaxis of precanceroses and carcinomas of the 
skin, the mucous membranes and internal organs, in the 
topical and systemic therapy of acne, psoriasis and other 
dermatological disorders accompanied by pathologi 
cally changed cornification, and for the treatment of 
rheumatic disorders, in particular those of an inflamma 
tory or degenerative nature which affect the joints, 
muscles, tendons and other parts of the locomotor sys 
tem. A preferred area of indication in addition to the 
therapy of dermatological disorders is the prophylactic 
and therapeutic treatment of precanceroses and tumors. 
The pharmacological actions can be demonstrated, 

for example, in the following test models. In in vitro 
hamster tracheal tissue, the novel compounds eliminate 
the keratinization which sets in after vitamin A defi 
ciency. This keratinization forms part of the early phase 
of carcinogenesis, which is inhibited in vivo by the 
novel compounds of the formula () using a similar 
technique after being induced by chemical compounds 
or high-energy radiation or after viral cell transforma 
tion. This method is described in Cancer Res. 36 (1976), 
964-972, Nature 250 (1974), 64-66 and Nature 253 
(1975), 47-50. 
The compounds according to the invention also in 

hibit the proliferation rates of certain cells showing 
malignant changes. This method is described in J. Natl. 
Cancer Inst. 60 (1978), 1035-1041, Experimental Cell 
Research 117 (1978), 15-22 and Proc. Natl. Acad. Sci. 
USA 77 (1980), 2937-2940. 
The antiarthritic action of the novel compounds can 

be determined in a conventional manner in animal ex 
periments using the adjuvant arthritis model. The der 
matological activity, for example in the treatment of 
acne, can be demonstrated by, inter alia, determining 
the comedolytic activity and the ability to reduce the 
number of cysts in the rhino mouse model. 
This method is described by L. H. Kligman et al. in 

The Journal of Investigative Dermatology 73 (1978), 
354-358, and J. A. Mezick et al. in Models of Dernatol 
ogy (Ed. Maibach, Lowe), vol. 2, pages 59-63, Karger, 
Basel (1985). 
The test substance in a suitable carrier was applied 

topically (100 ul) to the entire back area of the Rhino 
mouse, application being effected once a day on five 
successive days per week for two weeks. About 72 
hours after the final treatment, the dorsal skin was re 
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moved, and left in 0.5% strength acetic acid for 18. 
hours at4-6. C. Thereafter, an area of about 2x5 cm2 
was cut out and the epidermis was peeled off, placed on 
a microscope slide (with the dermal side upward) and 
washed water-free with alcohol/xylene until the epider 
mis appeared transparent. The sample was fixed by 
coating it with Permount, and evaluated microscopi 

65 

10 
cally. The diameters of 10 utricles in 5 freely selected 
areas were measured in each case, and the mean reduc 
tion in the utricle diameter was calculated from this by 
comparison with the untreated control group. The 
Table below shows the results obtained. 

TABLE 
Reduction in the 

Substance Dose mg/ml utricle diameter in % 
6 0.0 8.9 

0.00 70.9 
0.0001 5.3 

4. 0.02 66.9 
2 2 78.0 

0.2 38.2 
2 54.7 

Accordingly, the present invention furthermore re 
lates to therapeutic agents for topical and systemic ad 
ministration which contain a compound of the formula 
(I) as an active compound, in addition to conventional 
carriers or diluents, and to the use of a compound of the 
formula (I) for the preparation of a drug. 
The therapeutic agents or formulations are prepared 

in a conventional manner, for example by using an ap 
propriate dose of the active compound with conven 
tional solid or liquid carriers or diluents and conven 
tional pharmaceutical auxiliaries, in accordance with 
the desired route of administration. 

Accordingly, the agents can be administered per 
orally, parenterally or topically. Examples of formula 
tions of this type are tablets, film tablets, coated tablets, 
capsules, pills, powders, solutions or suspensions, infu 
sion or injectable solutions, and pastes, ointments, gels, 
creams, lotions, dusting powders, solutions or emulsions 
and sprays. 
The therapeutic agents can contain the compounds 

used according to the invention in a concentration of 
from 0.000001 to 1%, preferably from 0.00001 to 0.1%, 
for local administration, and preferably in a single dose 
of from 0.1 to 50 mg for systemic administration, and 
can be administered daily in one or more doses, depend 
ing on the nature and severity of the illness. 

Examples of conventional pharmaceutical auxiliaries 
are alcohols, such as isopropanol, oxyethylated castor 
oil or oxyethylated hydrogenated castor oil, polyacrylic 
acid, glycerol monostearate, liquid paraffin, vaseline, 
wool fat, polyethylene glycol 400, polyethylene glycol 
400 stearate and oxyethylated fatty alcohols for local 
administration, and lactose, propylene glycol, ethanol, 
starch, talc and polyvinylpyrrolidone for systemic ad 
ministration. If required, an antioxidant, for example 
tocopherol, butylated hydroxyanisole or butylated hy 
droxytoluene, or flavor-improving additives, stabilizers, 
emulsifiers, lubricants, etc., may be added to the prepa 
rations. All substances used in the preparation of phar 
maceutical formulations must be toxicologically accept 
able and compatible with the active compounds used. 

A. Synthesis of Starting Materials 
General method for the preparation of diethyl 

1-chloro-1-arylmethylphosphonates 
7.5 g (0.067 mole) of potassium tert-butylate were 

added all at once to 152 g (1.1 moles) of diethyl phos 
phite and 1 mole of the corresponding aromatic alde 
hyde. The subsequent increase in temperature was con 
trolled via the stirring speed so that the temperature did 
not exceed 70°-90° C. In some cases, external cooling 
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for a short time is required. When the mixture had 
cooled, it was stirred with water and ethyl acetate, the 
organic phase was separated off, dried over sodium 
sulfate and evaporated down, and the residue was fi 
nally recrystallized from petroleum ether or ether to 
give the pure diethyl 1-hydroxy-1-arylmethylphos 
phonate. This was introduced a little at a time into the 
stated amount of thionyl chloride, the temperature in 
creasing to about 35' C. Stirring was continued for 30 

5 

12 
(5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2-yl)- 

ethyne, b.p. 82-94 C. (0.1 mbar), yield 9%, from 
2-acetyl-5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaph 
thalene. 

(1,2-Dihydro-1,1,2,3,3-pentamethyl-5(1H)-indenyl)- 
ethyne, b.p. 85-90° C. (0.3 mbar), yield 27%, from 
5-acetyl-1,2-dihydro-1,1,2,3,3-pentamethyl-(1H)- 
indene. 

minutes, and excess thionyl chloride was distilled off 10 (1,2-Dihydro-1,1,3,3-tetramethyl-5(1H)-indenyl)- 
under reduced pressure, residual thionyl chloride being 
removed by adding toluene and carrying out distillation 
again. The resulting crude diethyl 1-chloro-1-arylme 
thylphosphonate was purified by the method stated in 
each case. 

a) Diethyl 1-chloro-1-(4-tolyl)methylphosphonate 
115.4 g (0.96 mole) of 4-tolylaldehyde were con 

verted to 177.8g (72%) of diethyl 1-hydroxy-1-(4-tolyl) 
methylphosphonate (cf. Abramov, Zh. obshch. Chim. 
27 (1957), 169, 172, and CA 61(1957), 12878), and 73 g 
(66%) of the title compound of boiling point 139 C./0.3 
mbar were obtained from 98 g (0.38 mole) of the last 
mentioned compound and 188 ml of thionyl chloride 
after distillation. 

b) Diethyl 
1-chloro-1-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl 

naphth-2-yl)-methylphosphonate 
(216 g (1 mole) of 2-formyl-5,6,7,8-tetrahydro-5,5,8,8- 

tetramethylnaphthalene were converted to 251 g (71%) 
of diethyl 1-hydroxy-1-(5,6,7,8-tetrahydro-5,5,8,8-tet 
ramethylnaphth-2-yl)-methylphosphonate of melting 
point 93-95 C., and 188.4 g (88%) of the title com 
pound were obtained from 203 g (0.57 mole) of the 
last-mentioned compound and 287 ml of thionyl chlo 
ride. Since the material decomposes during distillation, 
the working up procedure was modified as follows. The 
crude product obtained after removal of the thionyl 
chloride was dissolved in toluene, and the solution 
stirred with 5 g of potassium carbonate for 20 minutes. 
The solid was filtered off, the solvent was removed and 
the solidified mass was comminuted in a mortar. The 
material thus obtained (m.p. 65-66 C.) was about 85% 
pure according to the H-NMR spectrum. 

General Method for the Preparation of 
Monoarylacetylenes 

A solution of 0.38 mole of the corresponding aceto 
phenone derivative in 260 ml of pyridine was added 
dropwise to a mixture of 260 g of phosphorus penta 
chloride, 350 ml of pyridine and 2.6 of toluene, the 
mixture having been heated to 40 C. beforehand. The 
mixture was then stirred for 3 hours under reflux and 
for 16 hours at room temperature, after which the tolu 
ene phase was decanted, washed with water (exother 
mic), dried with Na2SO4 and evaporated down. The 
residue was dissolved in 51 ml of dimethyl sulfoxide, 
and 28.6 g of potassium tert-butylate in 120 ml dimethyl 
sulfoxide were added dropwise to this solution at 
20-35 C. Stirring was continued for a further 16 hours 
at room temperature, after which the mixture was 
poured onto water and extracted three times with ether, 
and the combined ether phases were washed with wa 
ter, dried over Na2SO4 and evaporated down. The 
crude acetylene was purified by distillation. 
The following compounds were prepared by this 

method: 
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ethyne, b.p. 94' C. (2 mbar), yield 9%, from 5-acetyl 
1,2-dihydro-1,1,3,3-tetramethyl-(1H)-indene. 

(5,6,7,8-Tetrahydro-3,8,8-trimethylnaphth-2-yl)-ethyne, 
b.p. 100-105 C. (1 mbar), yield 12%, from 2-acetyl 
5,6,7,8-tetrahydro-3,8,8-trimethylnaphthalene. 

Synthesis of the Compounds According to the 
Invention 

EXAMPLE 1. 

-(5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphth-2-yl)e- 
thynyl)-benzonitrile 

a) 6.7 g (0.014 mole) of 1,2-dibromo-1-(4-cyano- phe 
nyl)-2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphth 
(2-yl)-ethane (cf. Example 6a) were suspended in 26 
ml of petroleum ether. After the addition of 3.2 g 
(0.028 mole) of potassium tert-butylate, the tempera 
ture of the reaction mixture increased to 50 C. The 
mixture was refluxed for 1 hour, 20 mg (0.1 mole) of 
18-crown-6 were added, and refluxing was continued 
for a further 10 hours. Thereafter, the mixture was 
poured onto 500 ml of ice water and extracted twice 
with petroleum ether, and the organic phase was 
washed with water, dried over sodium sulfate and 
evaporated down under reduced pressure to give 4.3 
g of crude product. Recrystallization from ethanol 
gave 1.9 g (43%) of the title compound of melting 
point 166 C. 

b) A solution of 13.8 g (0.123 mole) of potassium tert.- 
butylate in 65 ml of dimethyl sulfoxide was added 
dropwise in the course of 30 minutes to a solution of 
22.6 g (0.06 mole) of diethyl 1-chloro-1-(5,6,7,8-tet 
rahydro-5,5,8,8-tetramethylnaphth-2-yl)-methylphos 
phonate (about 85% strength) and 7.86 g (0.06 mole) 
of 4-cyanobenzaldehyde in 190 ml of dry dimethyl 
sulfoxide at room temperature. Stirring was contin 
ued for 1 hour, after which the mixture was poured 
onto 1 liter of ice water and acidified with a little 
dilute hydrochloric acid, and the resulting crystals 
were filtered off under suction. Recrystallization 
from ethanol gave 9.2 g (49%) of the title compound 
of melting point 157 C. 

c) A mixture of 4 g (19 millinoles) of (5,6,7,8-tetrahy 
dro-5,5,8,8-tetramethylnaphth-2-yl)-ethyne, 2.8 g 
(12.5 millimoles) of 4-bromobenzonitrile, 50 mg of 
palladium (II) acetate, 100 mg of triphenylphosphine 
and 25 ml of degased anhydrous triethylamine was 
refluxed for 4 hours under nitrogen. Thereafter, solid 
material was filtered off and the filtrate was evapo 
rated down. 
Recrystallization of the residue gave 2.6 g (66%) of 

the title compound, which was hydrolyzed to the car 
boxylic acid without further purification (cf. Example 
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EXAMAPLE 2 

4-(4-(1,2-Dihydro-1,h,2,3,3-pentamethyl-5(1H)- 
indenyl)ethynyl)-benzonitrile 

Using a process similar to that described in Example 
1c, 4 g (19 millimoles) of (1,2-dihydro-1,1,2,3,3-pen 
tamethyl-5(1H)-indenyl)-ethyne and 2.8 g (12.5 milli 
moles) moles) of 4-bromobenzonitrile were converted 
to the title compound. 2 g (51%) of product of melting 
point 110-112 C. were obtained after recrystallization 
from isopropanol, the residue from the filtrate being 
extracted with sodium bicarbonate solution/methylene 
chloride and further treated in a conventional manner. 

EXAMPLE 3 

4-(1,2-Dihydro-1,1,3,3-tetranethyl-5(1H)-indenyl)e- 
thynyl-benzonitrile 

Using a process similar to that described in Example 
1c, 3.7 g (19 millinoles) of (1,2-dihydro-1,1,3,3-tet 
ramethyl-5(1H)-indenyl)-ethyne and 2.8 g (12.5 milli 
moles) of 4-bromobenzonitrile were converted to the 
title compound. 1.4 g (37%) of product were obtained 
after recrystallization from ethanol, and were hydro 
lyzed to the carboxylic acid without further purification 
(cf. Example 6c). 

EXAMPLE 4 

4-(5,6,7,8-Tetrahydro-3,8,8-trimethylnaphth-2-yl)e- 
thynyl)-benzonitrile 

Using a process similar to that described in Example 
1c, 4.4 g (22 millimoles) of (5,6,7,8-tetrahydro-3,8,8- 
trimethylnaphth-2-yl)-ethyne and 2.7 g (15 millimoles) 
of 4-bromobenzonitrile were converted to the title com 
pound. 1.3 g (29%) of product of melting point 
128-130 C. were obtained after recrystallization from 
ethanol. 

EXAMPLE 5 

4-(5,6,7,8-Tetrahydro-3-methoxy-5,5,8,8-tetramethyl 
naphth-2-yl)-ethynyl)-benzonitrile 

Using a process similar to that described in Example 
1a, 34 g (0.1 mole) of 4-2-(5,6,7,8-tetrahydro-3- 
methoxy-5,5,8,8-tetramethylnaphth-2-yl)-1-ethenyl)- 
benzonitrile were converted to 6.9 g (20%) of crude 
product, from which 2.6 g of the title compound of 
melting point 165-167 C. were obtained by recrystalli 
zation. 

EXAMPLE 6 

4-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2- 
yl)ethynyl)-benzoic acid 

a) A solution of 148 g (0.09 mole, 4.7 ml) of bromine in 
25 ml of chloroform was added dropwise to a suspen 
sion of 26.5 g (0.08 mole) of (E)-4-(2-(5,6,7,8-tetrahy 
dro-5,5,8,8-tetramethylnaphth-2-yl)-1-ethynylben 
zonitrile in 120 ml of chloroform at from - 15 to 10 
C. The reaction mixture was stirred for a further 15 
minutes and evaporated down in a rotary evaporator, 
and the residue was recrystallized from methanol. 
26.7 g (70%) of 1,2-dibromo-1-(4-cyanophenyl)-2- 
(5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphth-2-yl)- 
ethane were obtained as a mixture of diastereomers of 
melting point 174-175 C. 
50.7 g (0.11 mole) of these compounds were added to 

an alkaline solution of 60.2 g of potassium hydroxide in 
143 ml of n-butanol, and the mixture was refluxed for 1 
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14 
hour. The cooled reaction mixture was poured onto 1.5 
liters of ice water and acidified with concentrated hy 
drochloric acid. The precipitate which separated out 
was filtered off under suction, washed with water and 
then with methanol, dried in a stream of nitrogen and 
recrystallized from isopropanol to give 26.9 g (74%) of 
the title compound of melting point 265-266' C. 
b) 22.6 g (0.06 mole) of diethyl 1-chloro-1-(5,6,7,8-tet 

rahydro-5,5,8,8-tetramethylnaphth-2-yl)-methylphos 
phonate (about 85% strength) and 9 g of 4-carbox 
ybenzaldehyde in 190 ml of dry dimethyl sulfoxide 
were initially taken. 21 g (0.185 mole) of potassium 
tert.-butylate in 5 ml of dimethyl sulfoxide were 
added dropwise to the stirred mixture at room tem 
perature. Stirring was continued for 1 hour, after 
which the reaction mixture was poured onto 1 liter of 
ice water and acidified with 20% strength sulfuric 
acid. The resulting precipitate was filtered off under 
suction, washed with water and recrystallized from 
isopropanol to give 14 g (70%) of the title compound. 
Carrying out recrystallization twice more gave 6 g of 
pure material of melting point 263-264 C. 

c) 2.6 g (8 millinoles) of 4-(5,6,7,8-tetrahydro-5,5,8,8- 
tetramethylnaphth-2-yl)-ethynyl-benzonitrile (Ex 
ample 1) and 4.6 g of 85% strength potassium hydrox 
ide in 17 ml of n-butanoi were refluxed for 1.5 hours. 
The cooled reaction mixture was dissolved in 100 ml 
of water and the solution was extracted three times 
with ether. The aqueous phase was freed from resid 
ual ether under reduced pressure and acidified with 
2N HCl. The precipitate which had separated out 
was filtered off under suction, washed with water and 
dried in a stream of nitrogen. 2.1 g of crude product 
remained. Recrystallization from isopropanol gave 
1.2 g (44%) of the title compound of melting point 
252-256° C., which had a purity of 99.9% according 
to HPLC (C18 reversed phase; 9:1 acetonitrile/H2 
--0.1% of acetic acid; 100 ml/min; tr.: 7 min). 

EXAMPLE 7 

4-(5,6,7,8-Tetrahydro-3-methoxy-5,5,8,8-tetramethyl 
naphtha-2-yl)-ethynyl)-benzoic acid 

Using a process similar to that described in Example 
6c, 1 g (2 millimoles) of 4-(5,6,7,8-tetramethyl-3- 
methoxy-5,5,8,8-tetramethylnaphth-2-yl)-ethynyl)-ben 
zonitrile (Example 5) was converted to 0.5 g (64%) of 
the title compound of melting point 231-234. C., ex 
traction with ether being omitted and the crude crystals 
being recrystallized from methanol. 

EXAMPLE 8 

4-(1,2-Dihydro-1,1,2,3,3-pentamethyl-5(1H)-indenyl)e- 
thynyl)-benzoic acid 

Using a process similar to that described in Example 
6c, 2 g (6 millimoles) of 4-(-1,2-dihydro-1,1,2,3,3-pen 
tamethyl-5(1H)-indenyl)-ethynyl)-benzonitrile (Exam 
ple 2) were converted to 1.1 g (55%) of the title com 
pound of melting point 267-270° C., the extraction 
with ether and the recrystallization being omitted. 

EXAMPLE 9 

4-(1,2-Dihydro-1,1,3,3-tetramethyl-5(1H)-indenyl)e- 
thynyl)-benzoic acid 

Using a process similar to that described in Example 
6c, 1.4 g (5 millimoles) of 4-(1,2-dihydro-1,1,3,3-tet 
ramethyl-5(1H)-indenyl)-ethynyl)-benzonitrile (Exam 
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ple 3) were converted to 0.9 g (60%) of the title com 
pound of melting point 236 C., the extraction with 
ether being omitted and the crude crystals being recrys 
tallized from isopropanol. 

EXAMPLE 10 

4-(5,6,7,8-Tetrahydro-3,8,8-trimethylnaphth-2-yl)e- 
thynyl)-benzoic acid 

1 g (3.3 millimoles) of 4-(5,6,7,8-tetrahydro-3,8,8- 
trimethylnaphth-2-yl)-ethynyl)-benzonitrile (Example 
4) in 19 ml of ethanol and 19 ml of ON NaOH were 
refluxed for 6.5 hours. The mixture was cooled, poured 
onto water and acidified with 2N HCl, and the precipi 
tated crystals were filtered off under suction, washed 
with water and dried to give 1 g (95%) of the title com 
pound of melting point 203-206' C. 

EXAMPLE 11 

Ethyl 4-C5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphth 
2-yl)-ethynyl)-benzoate 

3.0 g (9 millinoles) of 4-(5,6,7,8-tetrahydro-5,5,8,8- 
tetramethylnaphth-2-yl)-ethynyl)-benzoic acid, 4 g (30 
millimoles) of potassium carbonate and 29 g (18.9 milli 
moles) of iodoethane in 27 ml of butan-2-one were re 
fluxed until conversion was complete (monitored by 
thin layer chromatography). When the mixture had 
cooled, the solid was filtered off, the filtrate was evapo 
rated down and the residue was recrystallized from 30 
methanol to give 2.1 g (65%) of the title compound of 
melting point 137-138 C. 

EXAMPLE 12 

2-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2-yl)1- 35 
4-(1H-tetrazol-5-yl)-phenyl)-acetylene 

2.15 g (0.033 mole) of sodium azide, 1.77 g (0.033 
mole) of ammonium chloride and 9.2 g (0.03 mole) of 
4-(5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphth-2-yl)- 
ethynyl)-benzonitrile in 30 ml of absolute dimethyl 
formamide were stirred for 12 hours at 120° C. The 
cooled reaction mixture was then poured onto 0.5 liter 
of water and acidified with a little hydrochloric acid. 
The crystals which had separated out were filtered off 45 
under suction, washed on the filter several times with 
water and then with methanol, sucked dry while hot, 
and dried in a stream of nitrogen.9.0 g (84%) of the title 
compound of melting point 227-228C. were obtained. 

EXAMPLE 13 

(5,6,7,8-Tetrahydro-3-methoxy-5,5,8,8-tetramethyl 
naphth-2-yl)-(4-tolyl)-acetylene 
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A solution of 20.2 g (0.18 mole) of potassium tert.- 
butylate in 45 ml of dimethyl sulfoxide was added drop 
wise to a solution of 23.2 g (0.09 mole) of diethyl 1 
chloro-1-(4-tolyl)-methylphosphonate and 22.1 g (0.09 
mole) of 2-formyl-5,6,7,8-tetrahydro-3-methoxy 
5,5,8,8-tetramethylnaphthalene in 270 ml of dry di 
methylsulfoxide at room temperature. The mixture was 
stirred for 30 minutes, poured onto 1 liter of ice water 
and extracted three times with ether. The ether phase 
was washed twice with water, dried over sodium sulfate 
and evaporated down to give 22.6 g (76%) of a slightly 
impure product. Recrystallization from methanol gave 
15.2 g (51%) of the pure title compound of melting 
point 127 C. 

55 

65 

16 
EXAMPLE 1.4 

(5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2-yl)-(4- 
tolyl)-acetylene 

Using a process similar to that described in Example 
13, 61.4 g (0.22 mole) of diethyl 1-chloro-1 (4-tolyl)- 
methylphosphonate, 51.1 g (0.22 mole) of 2-formyl 
5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphthalene and 
50 g (0.44 mole) of potassium tert-butylate were re 
acted for 1 hour to give 37.1 g (56%) of the title com 
pound of melting point 99 C., the reaction mixture 
being poured onto water and acidified, and the precipi 
tated solid being filtered off under suction and recrystal 
lized twice from methanol. 

EXAMPLE 15 

(3-Fluoro-5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphth 
2-yl)-(4-tolyl)-acetylene 

Using a process similar to that described in Example 
13, 27.7 g (0.1 mole) of diethyl 1-chloro-1-(4-tolyl)- 
methylphosphonate, 23.4 g (0.1 mole) of 3-fluoro-2-for 
myl-5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphthalene 
and 22.5 g (0.2 mole) of potassium tert-butylate were 
reacted for 1 hour to give the title compound. Recrys 
tallization from isopropanol gave 16.4 g (51%) of prod 
uct of melting point 60-61 C. 

EXAMPLE 16 

(3-Ethyl-5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphth 
2-yl)-(4-tolyl)-acetylene 

Using a process similar to that described in Example 
13, 27.7 g (0.1 mole) of diethyl 1-chloro-1-(4-tolyl)- 
methylphosphonate, 24.4 g (0.1 mole) of 3-ethyl-2-for 
myl-5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphthalene 
and 22.5 g (0.2 mole) of potassium tert-butylate were 
reacted for 1 hour to give 8.3 g (25%) of the title com 
pound of melting point 72-73 C., the reaction mixture 
being poured onto water and acidified, and the precipi 
tate which had separated out being recrystallized from 
methanol of melting point 236 C., loC, the extraction 
with ether being and once again from isopropanol. 

EXAMPLE 17 

4-((5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2- 
yl)ethynyl-benzamide 

A mixture of 2.5 g (8 millimoles) of 4-((5,6,7,8-tet 
rahydro-5,5,8,8-tetramethylnaphth-2-yl)-ethynyl)-ben 
zonitrile (Example 1), 60 ml of tert-butanol and 7.5g of 
potassium hydroxide powder was refluxed for 4 hours. 
The mixture was cooled, poured onto saturated sodium 
chloride solution and extracted twice with ether. The 
ether phases were washed with sodium chloride solu 
tion, dried over Na2SO4 and evaporated down to give 
2.2 g (83%) of the pure title compound of melting point 
220-223 C, 

EXAMPLE 18 

4-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2- 
yl)ethynyl)-benzaldehyde 

56 ml (67 millimoles) of a 20% strength solution of 
disobutylaluminum hydride in hexane were added to a 
solution of 10 g (32 millimoles) of 4-(5,6,7,8-tetrahydro 
5,5,8,8-tetramethylnaphth-2-yl)-ethynyl)-benzonitrile 
(Example 1) in 120 ml of absolute ether. The mixture 
was stirred for a further 40 minutes, 150 ml of saturated 
tartaric acid solution were added dropwise and stirring 
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was continued for a further hour. Thereafter, the mix 
ture was extracted three times with ether and the com 
bined ether phases were washed twice with water, dried 
over Na2SO4 and evaporated down. Recrystallization 
of the residue from isopropanol gave 3.8 g (38%) of the 5 
title compound of melting point 130' C. 

EXAMPLE 19 

4-(2,3-Dihydro-1,1,2,3,3-pentamethyl-5(1H)-indenyl)e- 
thynyl)-benzaldehyde 10 

Using a procedure similar to that described in Exam 
ple 1c, 8 g (40 millimoles) of (2,3-dihydro-1,1,2,3,3-pen 
tamethyl-5(1H)-indenyl)-ethyne and 4.6 g (25 milli 
moles) of 4-bromobenzaldehyde were reacted, the solu 
tion was filtered and the filtrate was evaporated down is 
to give a residue, which was extracted with sodium 
bicarbonate solution/methylene chloride. Stirring the 
residue with methylene chloride and a little cyclohex 
ane gave 2.3 g (29%) of the title compound of melting 
point 106-107 C. 20 

EXAMPLE 2.0 

4-((5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2- 
yl)ethynyl)-benzyl alcohol 

A suspension of 15.8 g (48 millinoles) of 4-(5,6,7,8- 
tetrahydro-5,5,8,8-tetramethylnaphth-2-yl)ethynyl)- 
benzoic acid (Example 6) in 160 ml of absolute ether 
was added dropwise to a suspension of 1.9 g (49 milli 
moles) of lithium aluminum hydride in 150 ml of abso 
lute ether. Thereafter, the mixture was stirred under 
reflux for 3 hours, after which 50 ml of ethyl acetate, 
200 ml of water and 150 ml of 2N HCl were added 
dropwise in succession, and the phasea were separated. 
The aqueous phase was extracted once again with ether, 
and the combined ether extracts were washed with 
water, dried over Na2SO4 and evaporated down. The 
oil which remained (17 g) was stirred with heptane, and 
the resulting crystals were filtered off under suction and 
dried. 7.2 g (48%) of the title compound of melting 
point 115-117 C. were obtained in this manner. 

EXAMPLE 21 

4-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2- 
yl)ethynyl)-benzyl methyl ether 

25 

30 

35 

45 
A solution of 2 g (6.3 millimoles) of the benzyl alco 

holderivative described in Example 20 above, in 10 ml 
of absolute dimethylformamide, was added dropwise to 
a suspension of 0.4 g (13 millimoles) of sodium hydride 
in 15 ml of absolute dimethylformamide at room tem-50 
perature. Stirring was continued for 1 hour, after which 
1.5 g (10 millinoles) of iodomethane were added drop 
wise. The mixture was heated at 60° C. for 15 hours, 
cooled and then poured onto water, and the precipi 
tated solid was filtered off under suction. Recrystalliza- ss 
tion from methanol gave 0.8 g (38%) of the title com 
pound of melting point 93-94 C. 

EXAMPLE 22 

4-((5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2- so 
yl)ethynyl)-benzyl acetate 

1.7 ml of acetic anhydride were added to a mixture of 
1.5 g (4.7 millimoles) of 4-(5,6,7,8-tetrahydro-5,5,8,8- 
tetramethylnaphth-2-yl)-ethynyl)-benzyl alcohol (Ex 
ample 20) and 8.7 ml of pyridine. The mixture was 65 
stirred for 16 hours at room temperature, after which it 
was poured onto ice/water and acidified. The precipi 
tated solid was filtered off under suction, washed with 
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water and dried. 1.3 g (77%) of the title compound of 
melting point 136-139° C. were obtained in this man 
e. 

EXAMPLE 23 

4-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2- 
yl)ethynyl-benzylamine 

A solution of 8.2 g (26 millimoles) of 4-(5,6,7,8-tet 
rahydro-5,5,8,8-tetramethylnaphth-2-yl)-ethynyl-ben 
zonitrile (Example 1) in 150 ml of absolute ether was 
added dropwise to a suspension of 2.8 g (73 millimoles) 
of lithium aluminum-hydride in 150 ml of absolute ether 
at room temperature in the course of 25 minutes. The 
mixture was stirred under reflux for 3.5 hours and then 
cooled, after which water was added carefully, sodium 
sulfate solution was added dropwise and the phases 
were separated. The aqueous phase was extracted twice 
with ether, and the combined ether phases were washed 
once with water, dried over Na2SO4 and evaporated 
down. 7.7 g (93%) of the title compound of melting 
point 84-88 C. remained. 

EXAMPLE 24 

N-Acetyl-4-C5,6,7,8-tetrahydro-5,5,8,8-tetramethyl 
naphth-2-yl)-ethynyl)-benzylamine 

2.5 (25 millinoles) of acetic anhydride were added 
dropwise, at 0°C., to a mixture of 3.2 g (10 millimoles) 
of the benzylamine derivative described in Example 23 
above and 20 ml of pyridine. Stirring was continued for 
3 hours, and the mixture was left to stand overnight at 
room temperature. It was poured onto ice/water and 
acidified with 0.5N HCl, and the precipitated solid was 
filtered off under suction and dried to give 3.1 g (86%) 
of the title compound of melting point 220-223 C. 

EXAMPLE 25 

(E)-4-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2- 
yl)-ethynyl)-cinnamic acid 

Using a procedure similar to that described in Exam 
ple 6b, 6.5 g (44 millimoles) of diethyl 1-chloro-1- 
(5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphth-2-yl)me 
thylphosphonate (about 85% strength), 7.8 g (44 milli 
moles) of 4-formylcinnamic acid and 15.5 g (137 milli 
moles) of potassium tert-butylate were converted to 6.2 
g (39%) of the title compound of melting point 
256°-258 C. (from ethanol). 

EXAMPLE 26 

Ethyl 
(E)-4-((5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphth-2- 

yl)-ethynyl)-cinnamate 
Using a procedure similar to that described in Exam 

ple 11, 2 g (5.6 millimoles) of the cinnamic acid de 
scribed in Example 25 above, 2.6 g of potassium carbon 
ate and 1.8g of iodoethane were converted to 2 g (93%) 
of the title compound of melting point 116°-118 C., the 
reaction mixture being poured onto water, and the of 
melting point 236 C., the extraction with ether being 
precipitated solid filtered off under suction, washed 
with a little methanol and dried. 



5,256,694 
19 

EXAMPLE 27 

2-(5,6,7,8-Tetrahydro-(5,5,8,8-tetramethylnaphth-2-yl)- 
1-4-(1,3-dioxacyclopent-2-yl)-phenyl)-acetylene. 
The solution of 5,3 g (0,025 Mol) 5,6,7,8-tetrahydro 

5,5,8,8-tetramethylnaphth-2yl-acetylene in 10 ml DMF 
was dropped under N2 during 1 hour into the mixture of 
4.6 g 2-d-bromophenyl)-1,3dioxocyclopentane, 15 ml 
triethylamine, 5 ml DMF, 30 mg Pd(OAC)2,50mg Cuy 
and 500 mg triphenylphosphine, which mixture was 
heated to 70 C. After 6 hours the reaction was com 
pleted. 
The mixture was poured on ice water and 2 rines 

extracted with diethylether; the ether extract was 3 
times washed with water, 1 time with NaCl solution, 
then dried with NgSO4, evaporated down acid ester as 
the solvent system. The title compound melted at 118' 
to 119 C. 
The utriculus reduction of a 0.01% solution in the 

rhino mouse assay according to L. H. Kligman et al., 
The J. of Investigative Dermatology 73 (1978), 
354-358, was 75.1%. 

EXAMPLE 28 

2-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethylnaphth-2-yl)- 
1-4-(1,3-dioxa-5-hyroxyhexane-2-yl)-acetylene 

The title compound was prepared analogously to 
example 27, using 2 g (0.02 Mol) 2-(4-bromophenyl)-1,3- 
dioxa-5-hydroxy-hexane. The reaction mixture was 
mixed wiLh 100 ml pentane, the precipitated crystals 
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were filtered off, once recrystalized from methanol and 
dried at 40° C. Fp 154 to 156° C. 
The utriculus reduction in a 0.01% application in the 

rhino mouse model of L. H. Kligman et al. was 69.4%. 
We claim: 
1. A diarylacetylene of the formula I 

Rl 

where R1 and R2 are each hydrogen or methyl, R3 is 
hydrogen, methyl, hydroxy or C1-C6-alkoxy, R is hy 
drogen, methyl or methoxy, R is hydrogen, halogen, 
methoxy or C1-C4-alkyl, A is methylene or ethylene 
radical which is unsubstituted or substituted by C1-C4 
alkyl or is -CH-cCH-, -CHOH-CH2-or 
-CO-CH2- and Ris C2-C10-acetal group or Cs-C6 
cyclic acetal or -CH-COOR13, where R13 is C1-C8 
alkyl, and its physiologically tolerated salts. 

2. A therapeutic composition comprising a pharma 
ceutically acceptable carrier and an effective amount of 
a compound according to claim 1 as the active com 
pound. 

3. The method of treating dermatological disorders in 
a patient suffering therefrom which comprises adminis 
tering an effective amount of a compound according to 
claim 1. 
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